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T» CC *£B CI 3CUNI4K AKTOti*: HOB-IUT KM 

Tt» «ft *» 

OttCCW tiMnTCA «C£0n«U fCWTKCJ (Mmcu CWCSXiC ?-»# 

aacaxA ruictct Turcrar aaaaa uwauic ncnwti z>» 



157] Abstract: 

PROBLEM TO BE SOLVED: To isolate the above enzyme, derived from a coryneform 
bacterium and capable of catalyzing a pentose phosphate cycle according to a gene 
recom bination technology. SOLUTION: This glucose 6-phosphate dehydrogenase has an 
amino acid sequence represented by the formula. The enzyme is obtained by 
expressing a DNA (hereinafter referred to as a zwf gene), obtained from a 
chromosome of a coryneform bacterium, isolated and determined from a Brevibacterium 
flavum ML-233 (FERM BP-1497) strain and capable of coding the glucose 6-phosphate 
dehydrogenase in a coryneform bacterium. When the coryneform bacterium is 
transformed with the zwf gene, a bacterium capable of highly producing the glucose 
6-phosphate dehydrogenase is obtained. 
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m&m i j m^m<o&mm^ 1 uwkdt ^ / msm 
i w*« 2 ] ig*js i tB«go ^ a - 6 - y >m 

7t Knyt- KtSDNAo 
[»#« 3 ] &&m<OBmtt 1 E«OttSE5!l* 6 
2 9H2 0 8 3*-C(OiSSiB^JT*$tl6^=«-^ 
-6- 9 ySft Kn^t-^3-Kt5DNA 0 

[000 1] 
[0 0 0 2] 

f [ECl. 1. 1. 4 9] It ^h-^!)yK@B 
0>BBR"C*>!K ^;l/3-^-6-yy»tNADP + fc 
i>&**#40u=i/-a-5* hyd:NADPHil:4 
fiW-*^fflRlS«>«ttl'C«)5. JOi^-*- 6 - y 

Btt^ftT?^^ !)t7^!J (Escherich 
i a c o 1 i ) A&£>&{5-7- [ J . B a c t e r i 
o I . , Vol.17 3, p. 968(199 
1) ] , ^)Vt?4^T • * Vy-y-t^ (E r w i n i a 

chrysanthemi) ^^(DM&^F [Gen 
e, Vol.101, p. 5 1 (19 9 1)]. n 
^^/^Fy^'^tyfn^T^ (Leuconos 
toe mesenteroides) 43fe£>®{Es-J- 
[J. Biol. Ch em. , Vol. 2 6 6, 

p. 13028 (1991)] mK myitis *<o 

[ooo3] La>Lfcase>, r &m±fc 

[0 0 0 4] 

[3BWd5«ftu<t5fc-r5SRJB] HRfc* 
[0 0 0 5] 

^ifcSrBfcf 5 rite J: 9. 3j*«WW^- 
SDNAtfJMnrtt-Cfcfir&trJKv^ttU 

i r ^ j BEW-es ztizy/u*—*- 

NACfftSo 



[0006] 

7t Kayt- t?Jttf*ft&a-K?-*DNA (EAT. 

NA, AfttofcHU ^l/e/^?9?A*7?/U (B 
revibacter ium f lavum) MJ -2 
3 3 (FERM BP-1 4 9 7) ft^t>£tTIC^5 

[0 0 0 7] ±E=»*fflHl«4:«ffi [«*fi. 

#BSHg5 1 -1 3 0 5 9 2#&tt#JH] l£ttV>Jg«U 

tta#^e>jfefe*DNAt««B 

+S. &£ftDNAii % W5-1 5 3 7 8 

Wi©WWl (A) fcE«©*«fe*^J:9aff^e> 

* u**- KS:^? -T^-t LT^Ky 9— WttBR* 
(PCR) trffv\ zwfSE^MSr«#R:t 

[0008] nmfttmstkLx, jfc&itDNAmw 

LTiMF W y y ^ if — > 3 vSrtT 
v\ *4<Hiwf »tf©-»«r£fr> ftfi#DNA 

wf ae^o»»»ffr«r»a!i:LT. ite^^^y 

-1 F 1 X I I ^f-v'ay 

[0009] z<D&&#DNAm)i*m%ftfflm&m& 

«V*Ti»0tHU »6>ixfcDNAW^SraS*^o-^ 
*9*<9 9-. WitfpUCl 1 8 (£■&■) 
^n— ~i^U xvxy tT'^y jM109ffi (S 

ttffl-f£ 0 K(CjfA*ttfcDNA<OttaE 
?iJ£&£i-£ r t (ci 9 , *%w<n % w f it£^£^t? 
DNABritS:Mt6:t^t5. 
[0 0 10] r(Z>DNA»>T-OJfiXEJ!ltt, S^x**^ 
% 9 Is* 1 ? K8$tt [dideoxy chain t 
ermination ; S a n g e r, F et 
a 1. , Proc. Nat. Acad. Sc 
i. USA, Vol.74, p. 5463, 
(1 9 7 7) ] fc£9*J«-6ri:#T?#5 D ^(DX? 
fcLT*£Ufc±e*£3tt2 k b^DNABrfr^fi 
fl«r«BEW*©E3WI- l fcSf. d*>EJJ*lc#*E 

*wr5/KE?ijt i^e>4 8 4-e^$*bST^y»E 

E#l## 1 iE*fctf>iggEJlJ*<£> 629SBd»fe2083 
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[0011] *3BW*-feft5 z w f ^co^ 

fA- 1/7^ (S y s t em-1 Plus) Srffil^ 

v * W«S^ijO-a;^(Ett £ ftT 1 vg O-Cfc o T t> J: 
[0 0 12] 

(A) yi/fcT/^f!) £A • 77/UMJ- 2 3 3tf> 

^l/lf/^f!)!>A-77^MJ-2 3 3 (FERM 
BP-1 4 9 7) ^*»*-C*>*A#* DHL 

J*':R# 2g, (NH 4 ) 2 S0 4 7g, K 2 HP0 4 
0. 5g, KH 2 P0 4 0. 5g, MgS0 4 - 7 H 2 

0 0. 5g v FeS0 4 -7H 2 0 6mg, MnSO 
4 -4~6H 2 0 6mg,8Sx^ 2. 5g, *f 

^ym 5 g , my 2oo//g, Mf7-;y 

2 00 M g> ^3-7 2 0gSr*B*te»APL-Cl 

[0 0 13] »feftfcttf**yy^-A«rl 0mg/m 

1 <OSft-e^^i-5^?K : 1 OmM NaCK 
20mM hVxm&m(pH8. 0). ImM ED 
T A • 2 N a ] 1 5m\\mmLiZ 0 flMSRtC:/*? 1 

^-*k*i oo/ig/mi<o*»aia-eaaniu 
u 5 0 < t:-e6^F^y^^-<-^Lr^ll£^:fco » 
«ri o-i 2 , fcT?2o$>Bk 5, oooxg^MM 

=*S—/i'M<omztt+ZDt4A$:1f 7 

«9, :W7 0%x^/^»LTSiKl^ #e> 



tlfcDNAtt, SSflc lOmM h V 

(pH7. 5)\ ImM E DT A • 2 N a ] 5ml* 

[0014] (b> z w f &m*0m#mK<offl6L 

^i/x. y fc 7 • ^ y (Escherichia col 
i) [J. Bacteriol. , Vol.17 
3, p. 968 (1991)], xW^7 • *y 

*y~>ir ^ (Erwinia chrysanthem 
i ) [Gene, Vol. 101, p. 51 (199 

1) ] , *5<fcU\ D/f3/7h^^^tyfO>ff 

* (Leuconostoc mesenteroid 
es) [J. Biol. Chem. , Vol.2 
66, p. 13028 (1991)] (OV/^^ — X- 
6 - y y»7k Kn^-^Sra- K-f*<5 D N Aififis-T- 

©aaeaisr t> t tfcr s y msm<D#mm& 

-DNA&Rfl-Lft:. 

[ o o 1 5 ] # y y 9-*afKiso-«ifcaTK« 

i~ 0 [2 b/m 1 Taq DNAtf> y y y — 

i?, lOmM h!J^-li« (pH8. 0) „ 5 
OmM KCK 1. 5mM MgCl 2 , 0. 2 5m 
M d ATP, 0. 25mM dCTP, 0. 2 5 mM 
dGTP, 0. 25mM dTTP, 0. 5/zg/m 

1 ifefefrDNA«a»l*aSjR, ImM yy^^r—l : 
AT (ATC) GA (TC) CA (TC) TA (TC) (TC) TIGGI AA (AG) GA (E5J# 

# 1 lE^cor S y HiB^J l 7 4 - 1 8 i fr5E«c LT^fr 
Lfc&?iJ : 6BJlJ#-§-2) , 1//M 7^^-2:GGIA 
CICCI (TG) (GC)CCAIC (EJ0#-g- 1 IB^cOT 5 / 3 

2 4-3 2 9Sr5c^LTt9:tfLfcia^l:EyiJ»*3) , 

anooH G>EJSa^««rJBv*a. ] 

2Ky^7-if»«S^ORlS*«:«ciWx.«, 9 41C-C1 
5h 5 5t"C2^ 7 2 c C-C3^Srl-y--r^^^-r^2 
5*>f^/^-Cfc5. *LT±EBa£:T»6*tfcDNAt 

[ 0 0 1 6 ] 5 OmM h])X- 

&MmrM (pH7. 9) N 1 OmM MgC 1 2 , 2 
OmM v^ft^K h-M ImM ATP, lun 
it/10/xl T4DNAW- if , 50ng/l 
O/i 1 pGEM-T^^- v I0ng/10// 1 

3^rflRiS^^rr, pcRitoNA^jtt 0 

[0 0 17] OlvC\ ffTifc CJ. Mo 1. Bio 
1. , 5 3, 1 5 9 (1 9 70) iCftoT, 

#&ixfc**«r«v^r3i^aip tr • ^y JM1 0 9* 

hy^h>- lOg.gfx^ 5g, NaCl 5 
g, *55 i5g, rVtf^yy 50mg,^yyn 

\?*<J-*#y9 h^K 0. 23 8 g, X-gal 
0 . 2 g , v>y f/^/l/AT * K 2 m 1 
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[00 18] r 5 UT#e>Hfc^n^-S:#/e^7- 

^fcr->y >Sr**»a-C5 0 m g/m 1 LigH 
*[hy^h> lOg.Sft^ 5g x NaCl 

l, ^n*3 7t:-e7ii#ra**Lfc. «*»Sr4 c c-ei 

0#ffl* 8 f 000x g (ttj|i^(|l^rtrB»S:EliR 
Lfco EURtfc«^e>T/^9-SDSiSfe [T. M 
aniatis, E. F. Fritsch, J. 

Sambrook, Molecular clon 
ing, p. 90-9 1 (1 9 8 2) #1] 

[0019] Kfc»A*ixfcJfe 
6fr**0»4 7 0 b pODNABfrfrOffigBE^^x 

• 7^T^>3> (CATALYST 80 

0 Mo leculer Biology Labos 
tat ion ;Perk in-Elmer) ^rffiV^T^ 

S3 7 3 A DNAy— ^xyf--(^J: <9 7"7^ ^ KG> 
#ADNA»>4-iDiHEEWSr*^Lfc. 

[0020] »^ufcisasa^j«:fflSRLT#e>jxs^>' 

fttf^UtV^yM £A . 7 7^AMJ - 2 3 3<Oz w 

1 1 4 8#B^6> 1 6 1 4#@) tfcs: t#«Bl 
[0 0 2 1] (C) zwfSte^^tt^lRfrSr^tfafcfe 

MftDN A£rftJffig|^B amHI, EcoRK Hi 
ndlll, Sail T**tl?tl#mL1t 9 ZtlbZO 
ncorttSUProbe tech 2 SrffiV^TIMf ^ 
'^4 Zfy#4 M*-t/ a isRUDl-J u^t ^zf U- A A> 

[002 2] ±12, PCRT#b*lfczwf Jtfi^-^a 
#»rtf££|g!lC. «Wcr±T^*Att« [a- 32 P] 
dCTP AAOOOS^^t, £iB5ttt»Ramd 
oraPr imer DNA Labelling Ki 
t Ver. 2©^^:/p-7fc««Lfc. 
— *EAT<Z><art0>*tt [ 5 X S S Cigifc, 5 X 
h»», 0. 5% K^A^fiOH-hy (SD 
S) , 0. lmg/ml S I GMAttKS ALMON 
TESTES DNA For Hybridiza 
t i o n (1 Omg/ra 1 ) ] ~C6 5tT 2 RMHr/U/N 



WT^M [3M NaCl, 0. 3M 
7" h 9 ?A] , 10 0 xfy/vu h8rattEAT<DfiJ« 

[2% ^ih»7Vu:/$:^ 2% #y if-zueuy k 

is* 2% 7>f=» — /V] "Cfo^> 0 
[00 23] ±B-CP»Lfc^n->ffclD^ 6 5tt 

*-£2XSSC. 0. 1% SDSt65t, 1 5# 

raa^^sa # ufc 0 jci: 7 ^ a, 9 -* 

1XSSC, 0. 1% SDS^65t, IS^IMK* 

±3« 7 a A> A*fc«/<-f j* - v> v i/T -J- 5 >r if - B 
AS -2 0 0 O&ffi^fc, 

[0 0 2 4] zwfae^^5JBrjtSr^tf 

SftA*DNAfBH»*»f^a>*t*tt, BamHlSf 

jt. e c o r i mx. h i n d i 1 1 mx. S a 1 I Br 

Ztl^tim 2 k b , 3kb, 8kb. 10kb-C 

(D) zwf 5te^SR^Bf>T-S:^tflfefeftDNA B 
amHlSffr^ll 

0. 2% 1 OmM MgS0 4 £fetoL 
fcLBSSiSl:, ^>>^y t7 • =r y P2 3 2 9 4:fiS 

1, 3 7t:-e»*bfc. *L-cae*5>r:/5y-;iF 

1 X I I 7r-^»«4 00/i 1ICP23 2 9JgSi&£ 
iS^L. 3 7tT15»Btt«l*: 0 J5clC4ml<OXh 

[0025] ^hPt/Vn-77>{/^-|:Z7*U-h 
±fc£«ttSA5>fc^ <fc 5 ^»^tcg^T. ^#>7 A A*9 

&±lCfi£ N m»5#IH*i«Lfc : [0. 5M 

NaOH, 1. 5M NaCl] > g$2: [ 1 M r* 
y*-:&fi£ (pH7. 5) „ 0. 75M NaCl] , 
8ffi3 : 2XS.SC) „ 7 4Sl-*-*$m£lttt&* 8 
O^-CSO^Hftlf^LT^^/W^-^DNASra^tL 

[0 0 2 6] 7-f^-Sr£HT«>a^»« [5XSSP 
E, lXfy/vVFg^ 5 0%^ATU\ 0. 1 
mg/ml S I GMAlfcKSALMON TESTE 
S DNA For Hybridization (1 
Omg/ml) ] |:t42t, lW/W/DW 
if— i ^a^SrfTo^o 2 0 XSSPE<Dm&te. 3. 6 
M NaCl, 0. 2M NaH 2 P0 4 , 0. 0 2M 

EDTA*e*>£ 0 ±12 (o m^mnLtzyu-^^m 

x., 4 2t"C-R, ^yy^^-^3>-^tTofc 0 
[00 2 7] 1 Xt>/vW 

5 0% ^/WAT^K8^4 2 < C, 15M 

xsspe v o. 1% y^y/mm-fhv^Amm^ 
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42^. i sfttR^Mzmmz^tz&bimLtLo y 

>^T^y>fif-BAS-2 0 0 0^1/^ 
[00 281 @W^7-^^y7hT^p-^5:ftv> 

~c\ 200 n i (DSMMffimicmMLtco ±mm& 1 o 

/z 1 3 7tt3-4«*lfcxv'xyt7^ 
y P2 3 2 9**3 0 0jz 1 b&&U Yy-?T%v-* 

mmZMz., hy/7*n^^S|^ot, 4 < tTM 

&®:^nx./Co ^LT5, 000 rpm-C5MM 
U _LS^£#fc 0 Jf)(CDNa s eSt/RN a s e 
(i»«lMg/ml) SriRx.. 3 7t-C15M« 
MLfco ?iO2 0% ^yxfi/^U^ (3p^ 
#^-*6, 0 0 0) -2M N a C 1 5:JDX., 7k±T- 1 
B#P^»gLfc^. 4^. 1 0, 000 r pm"Cl 0#W 

-EDTAjg»ffi^DxT!K®L, 5m1^10% K 
^WHifflW- h ] J <?J**tojl. 6 8tt5»M, 
10/i l^)5M NaCl Srinx., ^S^^^y— /W/ 
^np*M^i £<mm>Ltz 0 1 2, 0 0 0 rp 

-fy^n^V-^tt®^, 7 0% ^/-A^.ijfc 

[0 0 2 9] Zk±<Di&ft-e'&t>iv1ZXF I X I I DN 
A£B a mH I -?Wmi,tc 0 i^&£7#n-;*tt^ft 
lit, z w f Sg^-ffi^tf|feMDN A<^)B a 
mH imft*ft&'m$iLiZ 0 rOBamHI^jB2 
k b£pUC 1 1 8Tih^^n-^V^LfCo +79 n 
-~>;/UtB amH 1 ®rJt#)2 k bSr&frpUC 1 1 
8lrBamHIT§)Srt, B a mH I ErtfSrlHliK Lfc 0 

[0030] (e) z w f m&*±ffi<D&mmmfe 

(D) ^#b;ft*::*:££#J2 k b<DDHAmftmm*: 
fflVmmSa u 3 A I £ffil^T3 7t-CtollXDNA 

C 1 1 8£f&)|E6liif B a mH I -C9J8frL*: 0 ^bJxfc-* 

o®^lc:^ix^^^2ia^ 5 0mM hi; 

(pH7. 6) . lOmM S^fr* W A\ lm 
M ATP, lOmM MgCl 2> $5it/l un i t 
/10m 1 T4DNA!;^-^i:^^J:5l-#^* 
^iDU ^^-DNA»K-t»»»«PDNA»M-i:«r 

[00 3 1] ±BBtH««C*$*»2k bODNAW^" 
»»«r»JR»*Ta q I fcRJS$*Ttt$MW*DNA« 



gft(a^i/xytr jmio 9«eSr 
[0032] Jlie^^^c^Wby t cS»^^^v^ 

pUCl 1 8fcJfA$ixfc»»»»DNAWr>T*©«llE 
— hT iyirV^^— (Autoassembler) 

[0033] r cos* s ia?im i mm<nmmww<D 1 

Btt4>&SE7tl'f'0>6 2 9#@^?> 1 9 6 
fcV^T^^A • 77^AMJ - 2 3 3(0^3-^- 

6 - y ysft ko y-*— ^ae-f <d*-^ > y 
[oo3 4] (f) z w f ae*©£«ffie^£ 
^•r*fc»i^ 4 mmsifc ma 

lis *S#1$, *i*E*, Vol. 8, No. 9 (fl 
TU) , p. 4 9 (1 9 90) #flR] *«ofc 0 *T!fc6 
&DNA£rE c o R I "C#fl?L7c 0 I^DNA^ftlS: 

SriMfJCLTS k bflH«ODNA»tWbSr^tpT*n- 

[0 0 3 5] rOT^fa— ^y^^^P>, BIO101 
tt$gGENECLEAN I I £fflV>TDN A#ft?$)£ 
tttti tfco * LTWTOM [ 5 0 mM h y * -ifi& 
fiffilft (pH7. 9) , 1 OmMMgC 1 2 , 2 0mM 
/K ImM ATP, lunit/ 
10 //I T 4 DN A y # — , 10/ig/ml Sfc 
fe^DNAOE c o R I ffrfflyo] kteZ>£?\£&&ft& 

wupu i e^r-^sj^^^r, DNA#a?^£ae 

[0 0 3 6] j^V^, 7^-^— *t [CTGAGCTGGAAGATTC 
TGG (K^J#^ 1 fSML(OmmSm<0 1 94 3#|W1 
9 5 9SI : mm^rA) . CGAAAGCTGCATCATCATC (E 
?!J##llB«(OiSSE?!l^8 7 5#Bj&>&8 9 3#B<D 

*DNA Ec oR"l»«Hfcft»fflfc. )SH6r#y^5 

[0 0 3 7] #6>ixfcDNASr«[EOJ6rjSfe-epGEM- 
T-<^^-icjg^L v rc^y tr - ^y jmi o 9-c 

^&-C*S L/cS*. E^J^ 1 Emo^E^iJ* 1 9 6 
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[0038] #±©8*, b*j*i 2, ^v^msm^m^-r^^tia:*), >f,v^-*- 

2 6 0 b p©DNA«SBJUSr*3Ebfc. SWfcLfcJfi* 6- !)y»7t Kny-J— -t?»«£fBfc*r1-5 = y *g 

e.nfco *ii*aKLfc(?^^Kor5/ar-ftfli3fi [oo4o] 
tma<o^s. y t r • =■ y ©^n-^- 6 - y vgs [ga?im] 

ft Koyt- v<D7s.;m-&MT&t(Dwm&<Dtt%i s&mw-. 1 

i 9 . IB5IJ*<£>ffi?lJ#^ 1 |5«©^£ga?lJ4" 6 2 9 # $ : 2 2 6 0 

gri>e>2 0 8 SSI^iJ^wtV^^X'f^A • g(CD&: 

Mj-2 3 3«o^-^-6-y^ft h'vf-t— smom-.&m 

rd^cOT 5 / ^6El?iJT-fc 5Ct ##J9! Ufc. mmvmm : Genomic DNA 
10 0 3 9) 















GATCCGATGA 


GGCTTTGGCT 


CTGCGTGGCA 


AGGCAGGCGT TGCCAACGCT 


CAGCGCGCTT 


60 


ACGCTGTGTA 


CAAGGAGCTT 


TTCGACGCCG 


CCGAGCTGCC TGTAAGGCGC 


CAACACTCAG 


120 


CGCCCACTGT 


GGGCATCCAC 


CGGCGTGAAG 


AACCCTGCGT ACGCTGCAAC 


TCTTTACGTT 


180 


TCCGAGCTGG 


CTGGTCCAAA 


CACCGTCAAC 


ACCATGCCAG AAGGCACCAT 


CGACGCTGTT 


240 


CTGGAACTGG 


GCAACCTGCA 


CGGTGACAAC 


CTGTCCAACT CCGCGGCAGA 


AGCTGACGCT 


300 


GTGTTCTCCC 


AGCTTGAGGC 


TCTGGGCGTT 


GACTTGGCAG ATGTCTTCCA 


GGTCCTGGAG 


360 


ACCGAGGCCG 


TGGACAAGTT 


CGTTGCTTCT 


TGGAGCGAAC TGCTTGAGTC 


CATGGAAGCT 


420 


CGCCTGAAGT 


AGAATCAGCA 


CGCTGCATCA 


GTAACGGCGA CATGAAATCG 


AATTAGTTCG 


480 


ATCTTATGTG 


GCCGTTACAC 


ATCTTTCATT 


AAAGAAAGGA TCGTGACGCT 


TACCATCGTG 


540 


AGCACAAAAC 


ACGACCCCCT 


CCAGCTGGAC 


AAACCCACTG CGCGACCCGC 


AGGATAAACG 


600 


ACTCCCCCGC 


ATCGCTGGCC 


CTTCCGGC 






628 


ATG GTG ATC TTC GGT GTC ACT GGC GAC TTG GCT CGA AAG AAG CTG CTC 


676 


Met Val He Phe Gly Val Thr Gly Asp Leu Ala Arg Lys Lyi 


5 Leu Leu 




1 


5 




10 


15 





CCC GCC ATT TAT GAT CTA GCA AAC CGC GGA TTG CTG CCC CCA GGA TTC 724 
Pro Ala He Tyr Asp Leu Ala Asn Arg Gly Leu Leu Pro Pro Gly Phe 

20 25 30 

TCG TTG GTA GGT TAC GGC CGC CGC GAA TGG TCC AAA GAA GAC TTT GAA 772 
Ser Leu Val Gly Tyr Gly Arg Arg Glu Trp Ser Lys Glu Asp Phe Glu 

35 40 45 

AAA TAC GTA CGC GAT GCC GCA ACT GCT GGT GCT CGT ACG GAA TTC CGT 820 
Lys Tyr Val Arg Asp Ala Ala Ser Ala Gly Ala Arg Thr Glu Phe Arg 

50 55 60 

GAA AAT GTT TGG GAG CGC CTC GCC GAG GGT ATG GAA TTT GTT CGC GGC 868 
Glu Asn Val Trp Glu Arg Leu Ala Glu Gly Met Glu Phe Val Arg Gly 
65 70 75 80 

AAC TTT GAT GAT GAT GCA GCT TTC GAC AAC CTC GCT GCA ACA CTC AAG 916 
Asn Phe Asp Asp Asp Ala Ala Phe Asp Asn Leu Ala Ala Thr Leu Lys 

85 90 95 

CGC ATC GAC AAA ACC CGc GGC ACC GCc GGC AAC TGG GCT TAC TAC CTG 964 
Arg He Asp Lys Thr Arg Gly Thr Ala Gly Asn Trp Ala Tyr Tyr Leu 

100 105 110 

TCC ATT CCA CCA GAT TCC TTC GCA GCG GTC TGC CAC CaG CTG GAG CGT 1012 
Ser He Pro Pro Asp Ser Phe Ala Ala Val Cys His Gin Leu Glu Arg 
115 120 125 
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TCC GGC ATG 

Ser Gly Met 
130 

GAG AAg CCT 

Glu Lys Pro 
145 

CTG GTC AAC 

Leu Val Asn 

TAT TTG GGC 
Tyr Leu Gly 

AAC CAG CTG 
Asn Gin Leu 
195 

CAG ATC ACC 
Gin lie Thr 

210 
TAC GAC GGC 
Tyr Asp Gly 
225 

CAG CTC TTG 
Gin Leu Leu 

GCG CAG CTG 
Ala Gin Leu 

TGC TAC CCA 
Cys Tyr Pro 
275 

TGG CAG GGC 
Trp Gin Gly 

290 
AAC CCT GAG 
Asn Pro Glu 
305 

ACG TCT CGT 
Thr Ser Arg 

CGT CTT GGT 
Arg Leu Gly 

CCA CAC CAG 
Pro His Gin 
355 

GCC ATC GTG 
Ala He Val 

370 
GGT TCC AAG 
Gly Ser Lys 



GCT GAA 
Ala Glu 

TTC GGC 
Phe Gly 

GCA GTC 
Ala Val 
165 
AAG GAA 
Lys Glu 
180 

TTT GAG 
Phe Glu 

ATG GCT 
Met Ala 

ATC GGC 
He Gly 

GCT CTG 
Ala Leu 
245 
CAG GCA 
Gin Ala 
260 

TTG GAT 
Leu Asp 

TCT GAG 
Ser Glu 

TCC ACC 
Ser Thr 

CGC TGG 
Arg Trp 
325 
CGC CGT 
Arg Arg 
340 

CCT TTC 
Pro Phe 

ATT CGC 
He Arg 

GTT CCA 
Val Pro 



TCC ACC GAA 
Ser Thr Glu 
135 

CAC AAC CTC 
His Asn Leu 
150 

TTC CCA GAA 
Phe Pro Glu 

ACA GTT CAA 
Thr Val Gin 

CCA CTG TGG 
Pro Leu Trp 
200 

GAA GAT ATT 
Glu Asp He 

215 
GCA GcC CGC 
Ala Ala Arg 
230 

GTT GCC ATG 
Val Ala Met 

GAA AAG ATC 
Glu Lys He 

AAA ACC TCC 
Lys Thr Ser 
280 

TTA GTC AAG 
Leu Val Lys 

295 
ACT GAG ACT 
Thr Glu Thr 
310 

GCT GGT GTG 
Ala Gly Val 

GTT ACT GAG 
Val Thr Glu 

GAC GGC GAC 
Asp Gly Asp 
360 

GTG CAG CCT 
Val Gin Pro 

375 
GGT TCT GCC 
Gly Ser Ala 



GAA GCA 
Glu Ala 

GAA TCC 
Glu Ser 

TCT TCT 
Ser Ser 
170 
AAC ATC 
Asn He 
185 

AAC TcC 
Asn Ser 

GGC TTG 
Gly Leu 

GAC GTC 
Asp Val 

GAA GAA 
Glu Glu 
250 
AAG GTG 
Lys Val 
265 

GCT CGT 
Ala Arg 

GGA CTT 
Gly Leu 

TTT GCG 
Phe Ala 

CCG TTC 
Pro Phe 
330 
ATT GCC 
He Ala 
345 

ATG ACT 
Met Thr 

GAT GAA 
Asp Glu 

ATG GAA 
Met Glu 



TGG CGC 
Trp Arg 
140 
GCA CAC 
Ala His 
155 

GTG TTC 
Val Phe 

CTG GCT 
Leu Ala 

AAC TAC 
Asn Tyr 

GGT GGA 
Gly Gly 
220 
ATC CAG 
He Gin 
235 

CCA ATT 
Pro He 

CTC TCT 
Leu Ser 

GGT CAG 
Gly Gin 

CGC GAa 
Arg Glu 
300 
GCT TGT 
Ala Cys 
315 

TAC CTG 
Tyr Leu 

GTG GTG 
Val Val 

GTA TCC 
Val Ser 

GGT GTG 
Gly Val 
380 
GTC CGT 
Val Arg 



CGC GTG ATC ATC 
Arg Val lie He 



GAG CTC 
Glu Leu 

CGC ATC 
Arg He 

CTG CGT 
Leu Arg 
190 
GTT GAC 
Val Asp 
205 

CGT GCT 
Arg Ala 

AAC CAC 
Asn His 

TCT TTC 
Ser Phe 

GCG ACA 
Ala Thr 
270 
TAC GCT 
Tyr Ala 
285 

GAA GAT 
Glu Asp 

ACC TTA 
Thr Leu 

CGC ACC 
Arg Thr 

TTT AAA 
Phe Lys 
350 
CTT GGC 
Leu Gly 
365 

CTC ATC 
Leu He 



AAC CAG 
Asn Gin 
160 
GAC CAC 
Asp His 
175 

TTT GCT 
Phe Ala 

CAC GTC 
His Val 

GGT TAC 
Gly Tyr 

CTG ATC 
Leu He 
240 
GTG CCA 
Val Pro 
255 

AAG CCG 
Lys Pro 

GCC GGT 
Ala Gly 

GGC TTC 
Gly Phe 

GAG ATC 
Glu He 
320 
GGT AAG 
Gly Lys 
335 

GAC GCA 
Asp Ala 

CAA AAC 
Gin Asn 

CGC TTC 
Arg Phe 



GAC GTC AAC ATG 
Asp Val Asn Met 



1060 



1108 



1156 



1204 



1252 



1300 



1348 



1396 



1444 



1492 



1540 



1588 



1636 



1684 



1732 



1780 



1828 
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r 



385 390 395 400 

GAC TTC TCC TAC TCA GAA TCC TTC ACT GAA GAA TCA CCT GAA GCA TAC 
Asp Phe Ser Tyr Ser Glu Ser Phe Thr Glu Glu Ser Pro Glu Ala Tyr 

405 410 415 

GAG CGC CTT ATC TTg GAT GCG CTG TTG GAT GAA TCC AGC aT TTC CCT 
Glu Arg Leu lie Leu Asp Ala Leu Leu Asp Glu Ser Ser Leu Phe Pro 

420 425 430 

ACC AAC GAG GAA GTG GAA CTG AGC TGG AAG ATT CTG GAT CCA ATT CTT 
Thr Asn Glu Glu Val Glu Leu Ser Trp Lys He Leu Asp Pro He Leu 

435 440 445 

GAA GCA TGG GAT GCC GAT GGA GAA CCA GAG GAT TAC CCA GCA GGT ACG 
Glu Ala Trp Asp Ala Asp Gly Glu Pro Glu Asp Tyr Pro Ala Gly Thr 

450 455 460 

TGG GGT CCA AAG AGC GCT GAT GAA ATG CTT TCC CGC AAC GGT CAC ACC 
Trp Gly Pro Lys Ser Ala Asp Glu Met Leu Ser Arg Asn Gly His Thr 
465 470 475 480 

TGG CGC AGG CCA TAATTTAGGG GCAAAAAATG ATCTTTGAAC TTCCGGATAC 
Trp Arg Arg Pro 
484 

CACCACCCAG CAAATTTCCA AGACCCTAAC TCGACTGCGT GAATCGGGCA CCCAGGTCAC 
CACCGGCCGA GTGCTCACCC TCATCGTGGT CACTGACTCC GAAAGCGATG TCGCTGCAGT 
TACCGAGTCC ACCAATGAAG 



1876 



1924 



1972 



2020 



2068 



2120 



2180 
2240 
2260 



Sa^JS# : 2 
mm<D&£ : 

m<om. : i *m 
mm<om : mm 

h#n*- : HUM* 
EW<D»H : ffiOSB* (^DNA) 



ATHGAYCAYT AYYTNGGNAA RGA 

EMS* : 3 
mm<D&& : 
m<D&: l: 

mm<om 

mmvnmitttvmm (mdna) 
mm 

GGNACNCCNK SCCANC 



23 



16 



SEW#* : 4 

m<D& : i *m 
mm<om 

mm 

CTGAGCTGGA AGATTCTGG 19 

m?m^ : 5 
mm<om mst 

mm<onm : ttL<omm (**dna) 
mm 

CGAAAGCTGC ATCATCATC 19 



(so int. ci. 6 awjia-t ff^sss-^ fi msm^mm 

C12R 1:13) 

(C12N 1/20 

C12R 1:13) 
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*«*WMIWj!.Hrt*ATB 3# 1 % 
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